1 altiparanae 2 3 Running title: Secondary sex characteristics in tetra fish 4 5 Summary statement: This study elucidated whether the size, sex, environmental 6 conditions, and gonadal development affect the development of spinelets, a bony 7 structure presented in anal fins in mature fish. Additionally, gonadectomized fish were 8 used to elucidate the effect of gonad on the rise of such structures. Interesting new data 9
Introduction

62
Most teleost fish spawning is a seasonal event that depends on a series of 63 environmental conditions that triggers reproductive migration and subsequent gonadal 64 maturation. Since photoperiod, rainfall, and temperature improve food availability for the 65 offspring, maturation occurs when there is more rainfall and humidity present 66 (Baldisserotto, 2013) . On the other hand, species such the yellowtail tetra Astyanax The objective of sexual reproduction is to proceed gametogenesis, which leads to 70 fertilization; however, changes in behavior or the hypertrophy of specific structures are 71 concomitant to these processes. They may also influence the success rate of fish 72 reproduction, reflecting on both their physiology and behavior. For example, female red 73 snapper Lutjanus campechanus are vastly more productive than smaller specimens 74 (Bohnsack, 1998) and, in the black rockfish Sebastes melanops, older female produce 75 larvae with a higher growth rate and more resistant to starving (Berkeley et al., 2004) . 76 In some species of teleost, specific secondary sexual characteristics, which are the 77 result from sexual dimorphism, can influence the reproduction and suggest the beginning 78 of the reproductive period. In the Amazonian peacock bass Cichla sp., males develop a 79 post occipital protuberance during the reproductive period (Kelber, 1999) . Such a 80 structure is composed basically of lipids, which is supposed to provide energy during 81 parental care (Jepsen et al., 1999; Muñoz et al., 2006) . In several species from 82 Characiforms order, it is known that the mature male develops spinelets in the anal fin 83 during the reproductive period in order to adhere to female anal fin during spawning 84 (Malabarba and Weitzman, 2003). Such structures may be applied in aquaculture practice 85 since it facilitates sexual reproduction prior to spawning procedures. However, although 86 the development of secondary sex characteristics is often associated with gonadal 87 maturation, there is no confirmation that the rise of spinelets are indeed predictors of 88 gonadal maturation.
89
Thus, the objective of the study was to understand the physiological role of the 90 spinelets to A. altiparanae reproduction as well as to help fish broodstock management.
91
The present study evaluated: the growth dynamic of spinelets in accordance to the genre 92 and length of the animals during Winter and Summer seasons and gonadectomization 93 effects on the spinelets' dynamic. The choice to use this species for such a study was motivated by its good livestock characteristics, such as ease of handling, small size, early 95 sexual maturity, and intertidal spawning (Garuti, 2003) . 
104
The yellowtail tetra A. altiparanae used in this study were collected from Mogi 105 Guassu River (21.925706 S, 47.369496 W) and maintained in 1000 m 2 earthen ponds (≈ 106 500 fish per tank, SL ≈ 12 cm). As this species spawns spontaneously, F1 offspring was 107 produced within few months, and those fish were used in the experiments. This Experiment was divided into two trials. The first one was performed during 112 the winter (July 2013) and the second one during the summer (January 2014), each 113 resulting in a reproductive peak and rest period. In each period, 75 specimens were 114 collected and divided into three groups of 25 fish each according to their total length. For 115 this, the fish were euthanized in menthol solution (100 mg.L -1 ) and had the standard Germany) equipped with steel blade (Leica 818), and the sections were then stained with 129 hematoxylin and eosin. All material was examined on a microscope (Nikon-Eclipse CI, 130 Japan); digital images were captured with a CCD camera (Nikon DSF1, Nikon, Tokyo, 131 Japan) and analyzed with NIS-Elements AR software (Nikon, Tokyo, Japan). Gonadal 
152
The diaphanized fins were examined under a stereomicroscope (Nikon SMZ 1500, 153 Nikon, Tokyo, Japan), and digital images were captured using a CCD camera (Nikon 154 DSF1, Nikon, Tokyo, Japan). The images were analyzed with NIS-Elements AR software 155 (Nikon, Tokyo, Japan). The whole fish images were performed using a professional 156 camera (Nikon 3100, Tokyo, Japan). Before the surgery, the fish were fasted for 24 hours in order to empty their The coelomic cavity was explored in order to find the gonads, which were extracted with Fourteen specimens presenting spicules, evident to touch, were separated in two 196 groups (n = 7): in group 1 (control), the fish were just incised and then sutured; and in 197 group 2, the gonadectomy was properly performed. To standardize the surgical duration 198 in both treatments, the non-gonadectomized fish were left in the surgical bed during the 199 same time as the gonadectomized.
200
After the surgery, the fish were allocated in a 416 L-aquarium, free from light 201 (covered in aluminum foil), in water containing 2 g of Aurotrim (Chlortetracycline 1.5%, 202 Sulfadiazine 7.5% and Trimethoprim 1.5%) for each 1000 L, deprived of feed for 96 203 hours. The stitches were removed after 4 days post-surgery (4 dps). After 30 dps, the fish 204 were captured, killed by anesthesia, and submitted to diaphanization of the anal fin as 205 previously described. Most of the specimens categorized as small size were male. The majority was in 223 the developing stage (11 in the Initial Maturation; 9 in Mid Maturation) ( Fig. 3 ). All the male specimens were in 227 Developing stage; three of them were initiating the maturation and six in mid maturation 228 (Table 1) . From large size fish, 23 were female, in Developing phases and Mature, the 229 majority ( Table 1) . Both of the male were in Developing (Table 1) . (Table 2 ). In winter, 23 out of 37 (62.1%) captured males presented spinelets 244 while all 37 (100%) captured male presented spinelets in summer (Fig. 4 ).
245
Only one female captured in summer presented spinelets, with a lower number 246 and distribution when compared to males, and no female presented spinelets in winter 247 (Table 3) .
248
The GSI presented an increment from winter to summer due to the enter in the 249 reproductive period. However, the females from small group showed no variation, 250 suggesting that they had not reached their sexual maturation (Table 3) . respectively) ( Fig. 5A ) and rays with spinelets (P = 0.7115; 10.00 ± 1.00 and 9.20 ± 1.50, 267 respectively) ( Fig. 5B ). However, a significant decrease (P = 0.0478) in the length of Maturation phases collected in winter had not. In media, the spinelets of the animals from 283 the three categories (small, medium and large sizes) were bigger during the summer than 284 those from the winter. However, it is important to highlight that, even in a moderate way, the gonads seems to influence the spinelets size as observed in thirty-day-286 gonadectomized-animals, in which spinelets were smaller in comparison to control fish.
287
The secondary sexual characteristics are very useful in fish management and 288 breeding for many species. It can appear only during the breeding season, such the post 289 occipital hum in Cichla species (Kullander & Ferreira, 2006) , or being a permanently 290 characteristic as in Betta splendens (Faria et al., 2006) , in which males display a brightly the reproductive season. The same was believed to the yellowtail tetra spinelets, which 300 hypothetically were to develop only in males whose reproductive cycle have started.
301
However, we found here that this character can be found even in Immature specimens 302 during summer season. Thus, this characteristic cannot be used during the management 303 to select potential male breeders during reproductive season. Moreover, since one 304 spawning capable female also presented spinelets, the management to separate the 305 genders in this species must be associated to other characteristics, such as the fusiform 306 body in males and round body in females. suggesting that energetic storage structure was always associated to sexually maturate 316 males (Kelber, 1999) . However, given the low number of occurrences in the above-317 mentioned species, this event might be an imbalance of the hormones in such specimens 318 and must be faced as rare.
319
Finally, the reduction of spinelets size in this study might be related to a reduction 320 of Estradiol (E2) synthesis, initially caused by gonadectomization of specimens, since 321 this hormone is produced by Leydig Cells in the interstitial compartment of Teleosts.
322
Estradiol hormone is stated to positively influence fish secondary sexual characteristics, 323 as showed in guppy, whose animals incubated in E2 increased their gonopodium in 324 relation to Control group.
325
In conclusion, this study showed that the yellowtail tetra (A. altiparanae) spinelets 326 is a secondary sex characteristic influenced by sex, size, and season of the year more than 327 by the gonadal development. However, as already showed in other species, such the loach 476  477  478  479  480  481  482  483  484  485  486  487  488  489  490  491  492  493  494  495  496  497  Table II 
